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Cholesterol and cholesteryl esters constitute 3 to 5% of the lipids derived from human 
sebaceous glands. The presefi t study demonstrates that cutaneous bacteria, Staphylococcus 
epidermidis, and to a lesser extent Propionibacterium acnes , and Propionibacterium 
granulosum, esterify [4- 14C ]cholesterol to steryl esters in vitro. The degree of esterification is 
a characteristic of the strain of organism, ranging from 0 to 32.7% in the organisms tested. 
Cholesterol esterification in these experiments was dependent on the addition of homage-
nates of isolated, pooled sebaceous glands to the incubation medium. Indirect evidence 
suggests that the fatty acids from sebaceous triglycerides are utilized for cholesterol 
esterification by the bacteria. These results indicate that the proportion of steryl esters in 
skin surface lipids may be influenced by the density of the microbial population in the skin. 
Cholesterol is present in the cytoplasmic mem-
branes of mycoplasma but, it is not normally found 
in bacteria fl ]. With the exception of a few known 
species, notably Flavobacterium dehvdro{?enes , * 
bacteria do not synthesize cholesterol de novo 
when grown on synthetic sterol-free medium. It has 
been shown, however, that when cholesterol is 
present in medium, it may be irreversibly absorbed 
by bacteria [2]. Although the process of cholesterol 
absorption is thought to be a physical rather than a 
biologic process [2], in at least two bacterial 
species, Mycobacterium phlei and Escherichia 
coli, it has been demonstrated that 23 to 50% of the 
incorporated cholesterol has been esterified [3]. 
Further, in lungs of mice experimentally infected 
with Mycobacterium bouis , tissue cholesterol has 
been reported to be esterified in association with 
bacillary proliferation, indicating that M. bouis 
has the capacity to esterify cholesterol in vivo [4 ]. 
Both cholesterol and steryl esters are present in 
human skin surface lipids and the above observa-
tions raise the question of the role that cutaneous 
microorganisms have in the esterification of seba-
ceous cholesterol. In the present study we investi-
gated the in vitro cholesterol-esterifying capacity 
of Staphylococcus epidermidis, Propionibacterium 
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acnes , and Propionibacterium granulosum usmg 
[4- 14C ]cholesterol as substrate. 
MATERIALS AND METHODS 
Organisms. Nine isolates of S . epidermidis, 4 isolates of 
P. acnes, and 3 isolates of P. granulosum were used in the 
present study . S. epidermidis strains were characterized 
as belonging to subgroup II of staphylococci on the basis 
of carbohydrate fermentation and phosphatase produc-
tion according to the classification of Baird-Parker [5 ]. 
Human cutaneous staphylococci belong to subgroup II 
[6]. P. acnes and P. granulosum isolates were character-
ized on the basis of carbohydrate fermentation , gelati-
nase production, and sensitivity to P. acnes bacterio-
phage . 
Incubation conditions. Basal medium (P-Y) consisted 
of 1% Bacto peptone, and 0.5% Difco yeast extract. 
[4- 14C ]Cholesterol (New England Nuclear) was added in 
ether solution to boiling P-Y medium in final concentra-
tions of 0.5 to 0.25 ,uCi cholesterol per ml of medium. 
After thorough mixing the labeled medium was aliquoted 
in 2-ml amounts into small ether-rinsed screw-cap test 
tubes. Duplicate cultures were run in each experiment. In 
initial experiments two sources of lipids were separately 
assayed as the source of fatty acid for esterification . First, 
oleic acid (Applied Science, Los Angeles, Calif.) was 
added in concentrations of 200 ,ug per ml of medium, and, 
secondly, sebaceous gland homogenate (SGH) in concen-
trations of 300 ,ug per ml of medium. In addition, P-Y 
medium without extraneous fatty supplement was also 
assayed. After it was established that significant esterifi-
cation occurred only in medium supplemented with 
SGH, SGH was used as the source of fatty acids 
consistently in further experiments. Tubes of sterile 
[4- 14C]cholesterol- P-Y medium with and without SGH 
were included as controls in all experiments. 
Preparation of sebaceous gland homogenates. Isolated 
sebaceous glands were obtained by microdissection from 
4-mm punch biopsies of scalp. from recipient sites in hair 
transplant patients . The method [7] involving incubation 
of skin samples in 1 M calcium chloride solution to 
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facilitate the separation of epidermis and epidermal 
appendages was used. Sebaceous glands were isolated, 
pooled, and weighed, then homogenized in chloroform 
and sterilized. The chloroform was eliminated by evapo-
ration and suspensions of the sterile homogenate were 
made to known concentrations in P- Y medium and 
stored at - 20°C until used. 
After incubation of S . epidermidis aerobically at 37°C 
for 24 hr and of P. acnes and P. granulosum anaerobically 
in Brewer jars under 90% nitrogen and 10% carbon 
dioxide for 4 days, cultures were examined for purity and 
the number of viable bacteria quantitated by the " drop 
plate" method [8 ]. 
Lipid extraction. Lipids from each culture were ex-
tracted with 2 volumes of petroleum ether (Mallinckrodt 
analytical reagent), the lipid extract dried under a 
stream of nitrogen, and then redissolved ·in 0.1 to 0.05 ml 
of chloroform:methanol (2: 1) for analysis by thin-layer 
chromatography (TLC). 
Thin-layer chromatography. Glass plates 20 x 5 em 
layered (250 f.l.) with silica gel G (E. Merck, Darmstadt, 
Germany) were dried overnight at room temperature and 
stored in an airtight oven. Plates were activated at l10°C 
for 30 to 35 min prior to use , and developed by ascending 
chromatography in a sequential triple solvent system (9] 
recommended for the separation of sebaceous gland 
lipids . This consisted first of hexane, secondly benzene , 
and finally hexane:ether:acetic acid (70:30:1). Initially, 
standards of squalene, cetyl palmitate, triolein, oleic acid 
(Applied Science), and lecithin (Sigma Chemicals, St. 
Louis , Mo. ) representing the lipid classes found in 
sebaceous gland lipids were run with standards of choles-
terol and cholesteryl oleate (Applied Science) in parallel 
lanes to each radioactive sample . However, results of 
preliminary experiments indicated that the radioactivity 
was located only in the cholesterol and cholesteryl ester 
fractions of the thin-layer chromatograms. Therefore, in 
subsequent experiments only cholesterol and cholesteryl 
oleate were used as standards for the TLC, and only areas 
corresponding to these standards were scraped from the 
radioactive sample for counting. After final development , 
the lipids were visualized with iodine vapor, the areas of 
the standards marked, and the parallel areas of the 
radioactive sample scraped with a Snyder-Kimble auto-
matic TLC zonal scraper (Analabs, North Haven, Conn.) 
in 2-mm increments directly into counting vials. Lipids 
were dissolved in 0.5 ml methanol , 10 ml of scintillation 
fluid added (0.4% PPO in toluene), and the radioactivity 
assayed in a Packard Tricarb Scintillation spectrometer 
(Model 3375). The counting efficiency for 14C was 85%. 
RESULTS 
The zonal scan profile of a thin-layer chromato-
gram of lipid extracts of sterile control P- Y me-
dium supplemented with [4- 14C ]cholesterol and 
SGH is shown in Figure 1. Radioactivity was found 
only in the cholesterol fraction. No radioactivity 
was present in steryl esters. Thus, sterile sebaceous 
gland cells, after being treated with calcium chlo-
ride, homogenized, and maintained in chloroform 
suspension, did not have any cholesterol esterify-
ing activity. The zonal scan profile of a thin-layer 
chromatogram of lipid extracts of the same me-
dium incubated with S. epidermidis strain 2, is 
shown in Figure 2. In this experiment 32% of the 
radioactivity was in the area corresponding to the 
steryl esters. This strain exhibited the highest 
activity of all the strains in the present study. 
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FIG. 1. Zonal scan profile of thin-layer chromatogram 
showing radioactivity in lipid fractions of sterile P- Y 
medium with [4- 14C]cholesterol and sebaceous gland 
homogenate. 
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FIG. 2. Zonal scan profile of thin-layer chromatogram 
showing radioactivity in lipid fractions of P- Y medium 
supplemented with [4- 14C Jcholesteral and sebaceous 
gland homogenate, incubated with S. epidermidis. 
In initial experiments it was found that only two 
(strains 1 and 2) of the nine strains of S. epidermi-
dis tested, esterified (4- 14C ]cholesterol in basal 
P- Y medium which was not supplemented with 
extraneous lipids. The percentage of cholesterol 
esterified was 0.4 to 2.5%, respectively, for these 
two strains. Addition of 300 J.Lg of SGH per ml of 
medium produced a dramatic increase in the 
percentage of cholesterol esterified. 
Results of comparative esterification studies by 
different strains of S. epidermidis are summarized 
in Table I. The bacterial counts in these cultures 
were between 3.11 x 107 and 2.0 x 108 viable 
organisms per 2-ml culture. All but one (strain 3) 
of nine strains of staphylococci were active in 
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TABLE I. Esterification of 0.5 J.LCi of [4- 14C] cholesterol by 















with SGHa with SGH 
and 1% dextrose 
20.6 (2.5) 3.7 (0.1) 
32.7 (4.9) 8.3 (2.8) 
0 0 
5.0 (1.0) 1.0 (0.7) 
3.0 (0) 0 
2.3 (0.5) 0 
4.6 (0.3) 0 
1.4 (0.5) 0 
28.3 (2.7) 0 
a Each result represents the average of 4 to 10 experi-
ments. 
esterifying cholesterol. The degree of activity var-
ied consistently with the strain, ranging from 1.4 to 
32.7%. Three out of nine strains had significantly 
higher activity than the other strains. All strains of 
P. acnes and P. granulosum tested exhibited some 
esterification of cholesterol (see Tab. II) , but this 
was consistently at a very low level , never exceed-
ing 1%. 
The most likely explanation for the stimulatory 
effect of SG H , is that SG H contains on the average 
60 to 65% triglycerides and thus after hydrolysis 
provides free fatty acids for the cholesterol esterifi-
cation. 
S. epidermidis, P. acnes , and P. granulosum all 
have extracellular lipases which are active in 
hydrolyzing sebaceous gland triglycerides to free 
fatty acids in vitro. On the skin, the extracellular 
lipases from S. epidermidis are thought to be least 
active in sebaceous triglyceride hydrolysis since 
they are inhibited at any acidic pH [10]. However, 
recent studies [11] have demonstrated that in in 
vitro systems when the pH of the medium is main-
tained close to neutrality (e.g., by not including 
dextrose in the P- Y medium) staphylococci a"re as 
effective as P. acnes or P. granulosum in hydrolyz-
ing 80 to 90% of sebaceous gland triglycerides to 
free fatty acids. To test the assumption that the 
primary role of the SG H in increasing the degree 
of esterification was as a source of fatty acids, ex-
periments were set up with basal P-Y medium 
supplemented with SGH, [4- 14C ]cholesterol, and 
1% dextrose. The degree of cholesterol and es-
terification by strains of S. epidermidis in dex-
trose-containing medium is shown in Table I. Most 
strains did not hydrolyze triglycerides and did not 
esterify cholesterol in medium containing dextrose. 
Esterification occurred with only three strains. S. 
epidermidis 1, 2, and 4, and at much lower levels 
than in dextrose-free medium. One of these strains, 
S. epidermidis 2, was known to have produced 
extracellular lipase which had been found in previ-
ous studies to be somewhat resistant to the inhibi-
TABLE II. Esterification of 0.5 J.LCi of [4- 14 C]cholesterol by 
strains of Propionibacterium acnes and P. granulosum in 
P- Y medium supplemented with SGH 
% Cholesterol Viable 
Strain esterified bacterial (±standard count/2 ml 
deviation) culture 
P. acnes6 0.44 (0.05) N.c. a 
P . acnes 154 S 0.66 (0.23) 3.8 X 108 
P. acnes 154 R 0.26 (0.09) 2.8 X 108 
P. acnes 142 0.68 (0.06) 4.4 X 106 
P . granulosum 1 0.53 (0.07) 1.0 X 108 
P. granulosum 2 0.29 (0) 5.3 X 107 
P . granulosum 3 0.33 (0.07) 3.0 X 106 
a N.C. = not counted 
tory effects of an addic pH, and to give slight 
(30%) hydrolysis of sebaceous gland triglycerides 
even in medium containing dextrose. Lipases from 
the other two strains had not been investigated. 
DISCUSSION 
Freinkel and Aso [12] established that different 
cell types of the epidermis, including homogenates 
of epidermis, stratum corneum, and skin surface 
film , each assayed separately, had demonstrable 
cholesterol esterifying activity in in vitro experi-
ments . In a footnote these authors observed that 
organisms cultured from human skin were capable 
of esterifying cholesterol. In contrast, organisms 
cultured from guinea-pig skin did not demonstrate 
this activity. The organisms used in the above-
cited experiments were not identified. 
The present investigations demonstrate that 
cutaneous staphylococci and, to a much lesser 
extent, cutaneous propionibacteria can esterify 
cholesterol. The degree of cholesterol esterification 
varies with the organism. With the propionibac-
teria the esterification was minimal. 
The fatty acids from sebum are probably utilized 
by the bacteria for esterification of cholesterol . 
Sebaceous gland homogenate is similar in lipid 
composition to fresh unhydrolyzed sebum and this 
gives a good approximation of the lipid substrate 
that cutaneous bacteria have available for metabo-
lizing il! vivo. In the in vivo system the sebaceous 
triglycerides are hydrolyzed primarily by lipases 
from P. acnes and P. granulosum. The acidic pH 
of the skin is inhibitory to staphylococcal lipases. 
However, because the aerobic staphylococci are 
located in the upper areas of the sebaceous folli- -
cles, close to the opening of the follicles to the skin 
surface, and the anaerobic propionibacteria are in 
the lower part of the follicle, closer to the seba-
ceous gland, it is probable that some sebaceous tri-
glycerides are already in the hydrolyzed fatty acid 
form by the time sebum reaches the staphylococci. 
The absorption of cholesterol by bacteria was 
demonstrated by Smith and Roth blat [3) to be a 
physical property of the bacterial cell membranes 
rather than an active biologic process. Most of the 
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absorbed cholesterol was incorporated into the 
cytoplasmic membrane. 
Because cutaneous bacteria reside within seba-
ceous follicles and on the skin surface, they are 
continually exposed to cholesterol which is present 
both in sebaceous and in epidermal lipids , and it is 
likely that these organisms are active in esterifying 
cholesterol on the skin in vivo. It is well established 
that esterification of cholesterol to cholesteryl 
esters is an essential step in the process of normal 
keratinization of the epidermis [13 ). As Freinkel 
and Aso have demonstrated, different types of 
epidermal cells have the enzymatic potential for 
cholesterol esterification. Decreased ratios of steryl 
esters to free sterols in human skin surface lipids 
have been reported in association with dermato-
logic disorders involving abnormal keratinization. 
The best example of this is in psoriasis where 
reduced ratios of esterified to free sterols have been 
reported in psoriatic lesions, scales, and skin 
surface lipids of patients with psoriasis [14, 15 ]. 
The present study suggests that in further investi-
gations evaluating cholesteryl ester levels in skin 
surface lipids, variations in bacterial densities in 
the areas of skin under study should also be 
considered, since these may have a relationship to 
the steryl ester concentrations. As an example, an 
increase in steryl ester levels in lipids extracted 
from comedones, compared to lipids from skin 
surface wipings, was reported by Nicolaides et al 
[16 ]. A possible explanation for this is that come-
dones contain high concentrations of cutaneous 
bacteria and that the increase in steryl esters in 
the comedone is the result of concentrated bacte-
rial proliferation and cholesterol esterification 
within the sebaceous follicles. 
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